/101.0°E).
Introduction
[2] Cretaceous paleoreconstructions of the Asian continent prior to the collision of India [e.g., Enkin et al., 1992; Chen et al., 1993b; Halim et al., 1998b] are primarily based on paleomagnetic data acquired in the different blocks that compose the Asian mosaic. These data reveal that paleomagnetic inclinations within central Asian and Tibetan blocks (e.g., Jungar, Tarim, Qaidam, Kunlun, Qiangtang, and Lhasa blocks) are shallower than the inclinations deduced from the reference apparent polar wander path (APWP) of Eurasia Courtillot, 1991, 2002] . In contrast, inclinations are generally consistent with the more eastern blocks of north China (NCB) [Zhao et al., 1990; Zheng et al., 1991; Ma et al., 1993; Sun et al., 2006a] , south China (SCB) [Kent et al., 1987; Zhu and Hao, 1988; Enkin et al., 1991a Enkin et al., , 1991b Gilder et al., 1993; Morinaga and Liu, 2004] , Korea [Lee et al., 1987] , Sikhote Alin [Otofuji et al., 1995 [Otofuji et al., , 2003 and Amuria [Pruner, 1992; Cogné et al., 2005] . The Cretaceous shallow inclinations of central Asian blocks have been interpreted as resulting from a more southerly location than expected. Subsequently, these mobile blocks have drifted northward with respect to stable Siberia, and undergone relative intracontinental shortening due to the ongoing penetration of India into Eurasia, after its collision at $50 Ma. The amount of convergence and the distribution of shortening between the various blocks [e.g., Chen et al., 1992] revealed to be consistent with tectonic deformation models for Asia under the effect of a northward convergence of India with Siberia [e.g., Molnar and Tapponnier, 1975; Tapponnier and Molnar, 1979] .
[3] However, paleomagnetic data obtained on Tertiary formations from central Asia are unexpectedly inconsistent with this picture. Tertiary paleomagnetic inclinations are, as for the Cretaceous, shallower than those predicted from the European APWP, but the amount of northward drift of blocks and intracontinental shortening deduced from these shallow inclinations are apparently at least twice as large as the amount deduced from Cretaceous data. This leads to the following unacceptable and undocumented paleogeographic interpretations [Cogné et al., 1999] : (1) $1000 km of northsouth extension is required between Siberia and central Asia (e.g., Tarim) from the Cretaceous to $50 Ma, and (2) intracontinental shortening between the Tarim block and Siberia (within Amuria block) would be larger than 2000 km since 30-50 Ma. This defines the Inclination Anomaly in central Asia.
[4] Several mechanisms have been proposed to explain this anomaly [Huang and Opdyke, 1992; Gilder et al., 1993; Thomas et al., 1993; Westphal, 1993; Cogné et al., 1999; Si and Van der Voo, 2001 ; Van der Voo and Torsvik, 2001; Tauxe, 2005] . Synsedimentation and compaction-induced shallowing of magnetization were invoked because almost all paleomagnetic studies were undertaken on sedimentary rocks (red beds) [Gilder et al., 2001; Tan et al., 2003; Narumoto et al., 2006] . Meanwhile, Chauvin et al. [1996] demonstrated that for the Tertiary, the inclination-shallowing anomaly amplitude progressively increases from the Atlantic Ocean to central Asia, independently of rock type, and concluded that there was a local magnetic field anomaly at the scale of Eurasia. A global anomaly in the dipole field geometry or the persistence of long-lasting nondipole field terms (quadrupole g 2 0 and/or octupole g 3 0 ) during the Tertiary was also presented as a possible cause [Si and Van der Voo, 2001 ; Van der Voo and Torsvik, 2001] . Nevertheless, Torcq [1997] and Besse and Courtillot [2002] advocated that the earth's geomagnetic field is close to that of a dipole during the Cretaceous and Tertiary. Even though evidence for a farsided effect exists for the Tertiary, it induces a maximum error of 2°in latitude corresponding to a maximum inclination error of about 4°at midlatitudes. Detailed studies of the secular variation during the last 5 m.y. also show that the quadrupole contribution to the total magnetic field does not exceed 3-5% [e.g., Quidelleur et al., 1994] . Cogné et al. [1999] proposed two other possible causes of Tertiary low inclination: (1) poor constraints on the age of the continental red beds assumed to be of Cenozoic age in Asia, and (2) a poorly constrained paleogeography in central Asia. Assuming that western Eurasia was indeed firmly attached to Europe but that the eastern part (Siberia) could have been located $1000 km more to the south than predicted for the Tertiary, they proposed that the whole Eurasia plate might have been nonrigid from the Cretaceous to the Present. This south position of the system was believed to be corroborated by the paleolatitudes of SCB, which, albeit consistent with Siberia in the Cretaceous, also displays too shallow inclinations in the Tertiary [e.g., Gilder et al., 1993; Zhao et al., 1994; Sun et al., 2006b] .
[5] In order to understand better this crucial problem of shallow inclinations, and in an attempt to define the Cenozoic paleoposition of stable Siberia, we undertook a series of paleomagnetic studies of Cenozoic effusive formations from Mongolia (Amuria block) and south Siberia. Accounting for the various possible causes for inclination shallowing, as cited above, the choice of these formations was guided by the need to (1) get well-dated paleomagnetic data, (2) avoid sedimentary inclination shallowing effects such as compaction, and (3) be located in the northernmost parts of the system, as close to Siberia as possible, in order to avoid India indentation effects. Because the Amuria block was accreted to Siberia by the end of the Jurassic [Kravchinsky et al., 2002; Cogné et al., 2005] and has probably not moved significantly northward with respect to Siberia since then, the Mongolian basalts appear well located to characterize the stable part of the system in the Cenozoic. We report here new paleomagnetic data obtained from four localities of Tertiary (12.7, 28.0, 31.5, and 39.4 Ma) basaltic formations from Mongolia and one (19.9 Ma) from Siberia ( Figure 1 ).
Geology, Dating, and Sampling
[6] The Cenozoic volcanic activity in Mongolia is largely confined to longitudinal bands stretching approximately from 94°E to 104°E and from 112°E to 116°E [Kepezhinskas, 1979; Whitford-Stark, 1987; Windley and Allen, 1993; Yarmolyuk et al., 1995; Barry and Kent, 1998; Höck et al., 1999] , within the Hangai region ( Figure 1 ). Described as ''domed'' since the Oligocene, the Hangai region is a mountainous area covering more than 200,000 km 2 with numerous flat-topped peaks over 3000 m [Windley and Allen, 1993; Cunningham, 2001] . This region represents an important kinematic link between the Baikal rift province to the north and the Altai transpressional ranges to the south and west [Cunningham, 2001] . Several authors reported that the chemical composition of the basaltic flows from Hangai varies from alkaline to subalkaline (trachybasalt, basalt andesitic, trachy-andesite, tephrite basanites, and their differentiates) [Whitford-Stark, 1987; Kovalenko et al., 1997; Barry and Kent, 1998; Barry et al., 2003] .
[7] Sampling of these basaltic rocks was undertaken during two field trips in the summers of 1999 and 2004, in Mongolia and Siberia. A summary of sampled locations is given in Table 1 (from the oldest to the youngest flows) and in Figure 1 . Several sites were sampled for each location. Eight to ten 2.5-cm-diameter cores were drilled at each site using a gasoline-powered drill and oriented in situ using magnetic, and when possible, Sun compasses in order to check and correct for local magnetic field declination (Table 1) . When solar readings could not be obtained due to shadows or cloudy weather, we generally used International Geomagnetic Reference Field (IGRF) models to correct for local declination. An exception to this procedure was adopted for Ust-Bokson sites where magnetic declinations measured in the field were much higher than those expected from IGRF (Table 1) . Notwithstanding the origin of this discrepancy, which does not seem to be linked to an anomalously high magnetization intensity as reported below, we used the average magnetic declination we measured in the field (Table 1) , to correct the cores' magnetic azimuths.
[8] In this paper, we present the paleomagnetic results we obtained at five localities of Cenozoic basaltic flows ( Figure 1 and Table 1 ). We sampled three of these localities at Taatsyn Gol (the Valley of Lakes) in the Gobi Desert of Mongolia. A detailed geological and geochronological study allowed Höck et al. [1999] to distinguish three units in this area. On the basis of 40 Ar/ 39 Ar dating, these authors suggest three main episodes of flow emplacements:
(1) basalt I (Taatsyn Gol 1 or TG1, hereafter) provided ages ranging from 30.4 to 32.1 Ma based on 16 independent samples with 1s standard deviations ranging from 0.3 to 0.8 (average 31.5 ± 0.7 Ma); (2) basalt II (Taatsyn Gol 2 or TG2) based on six samples provided ages ranging from 27.0 to 29.0 Ma with 1s ranging from 0.4 to 0.9 (average 28.0 ± 0.8 Ma); and (3) basalt III (Taatsyn Gol 3 or TG3) based on nine samples was dated at 12.2 to 13.2 Ma with 1s ranging from 0.2 to 0.7 (average 12.7 ± 0.6 Ma). Accounting for their detailed mapping of dated outcrops [Höck et al., 1999] , we could sample these three areas. We also sampled an older volcanic edifice at Khaton-Sudal (KS) in the Gobi Desert. Although the reported age for this locality is 57.0 ± 0.2 Ma [Whitford-Stark, 1987] , we have redated this isolated volcanic edifice of neck and flows in the Gobi Desert at two sites using the Gillot-Cassignol K-Ar method [Cassignol and Gillot, 1982] at the Geochronological Laboratory of Orsay University. The two ages we obtained are selfconsistent (39.1 ± 0.6 and 39.7 ± 0.6 Ma) and provide a mean age of 39.4 ± 0.6 Ma. Because we do not have any information on methods used in the previously reported determination [Whitford-Stark, 1987] , we rely, herein, on our own age determination. Finally, we sampled a series of basaltic flows in the southeastern part of the Sayan Mountains, south Siberia, on both sides the Oka River, near UstBokson village. Rasskazov et al. [2000] Table 2 ) and 19.8 ± 0.2 Ma (east of the Oka River; sites 70 to 73 in Table 2 ) thus providing a mean location age of 19.9 ± 0.4 Ma.
[9] Finally, because all the Cenozoic flows sampled in this study are flat-lying (e.g., TG1 and UB), and/or underlain by flat-lying sediments (TG1 and TG2), all field measured flow dips (always less than 10°as in TG3) have been interpreted as due to emplacement. Therefore, in the following, no tilt test is applied to paleomagnetic vectors, and all directions are given as in situ.
Paleomagnetic Analysis
[10] Minicores, 2.5 cm diameter, were cut in the laboratory into 2.2-cm-long specimens. Magnetic measurements and demagnetization procedures were performed in the magnetically shielded room of the paleomagnetic laboratory of the Institut de Physique du Globe de Paris (IPGP) and Paris 7 University at Paris and St. Maur. Remanent magnetization measurements were carried out using Agico JR5 and JR6 spinner magnetometers.
Magnetic Mineralogy
[11] In order to identify the magnetic mineralogy, isothermal remanent magnetization (IRM) acquisitions were measured on at least one selected specimen per site. Hysteresis loops were determined on a few specimens, using a laboratory-built translation inductometer. Finally, unblocking/ blocking temperatures, determined from thermomagnetic susceptibility curves, were measured with Agico KLY 2 and 3 Kappabridge susceptibility meters equipped with CS-2 and -3 furnaces. Experiments were done in both air and argon.
[12] Results of these experiments are shown in Figures 2 to 6, for one representative specimen of each formation. They generally reveal a simple behavior characterized by a low coercivity of 0.3-0.4 T obvious in either IRM acquisition curves (Figures 3c, 4c , 5c, and 6c) or hysteresis loops (Figures 2c, 3d, 4d, 5d, and 6d) . Although the susceptibility versus temperature curves are generally not reversible, probably due to heating induced alterations, they show a sharp drop of the susceptibility at about 560 -580°C in all sites (Figures 3e, 4e , 5e, and 6e) except for Khaton Sudal (Figure 2d ). Altogether, we thus conclude that for all these basaltic formations, the magnetic mineralogy is dominated by Fe-rich titanomagnetites. Only the lower Curie point ($480-500°C) of Khaton Sudal samples (Figure 2d ) indicates a larger Ti content of $15%. Finally, the Jrs/Js ratios obtained from hysteresis curves range from $0.07 in Khaton Sudal (Figure 2c ) to $0.5 -0.6 in Ust Bokson (Figure 5d ) which suggests an average grain size [e.g., Dunlop, 2002] within the pseudosingle-domain (PSD) range in most of our samples (Khaton Sudal and Taatsyn Gol 1, 2, and 3), and PSD to single-domain (SD) grain size in Ust Bokson. However, the elevated Jrs/Js observed at Ust Bokson (Figure 5d ) may result from the mixture of higher coercivity phase with the Fe-rich titanomagnetites (evidence by the wasp-waisted loop). The high-coercivity phase is also the likely candidate being altered upon heating to higher susceptibilities phase resulting in an order of magnitude increase in room temperature susceptibility after full heating/cooling cycle.
Demagnetizations
[13] Most specimens were thermally demagnetized over 19 temperature steps up to 590-600°C within a nearly zero field laboratory built furnace at IPGP. Alternating field (AF) demagnetization was conducted on a few samples over 14 steps up to 100 mT. During thermal demagnetization, sample orientation was successively inverted about the z axis in order to detect any systematic magnetization that could have resulted from the small $10 nT residual magnetic field in the furnace.
[14] Demagnetization results were plotted as orthogonal vectors diagrams [Zijderveld, 1967] and also as equal-area projections. Both paleomagnetic directions were determined using principal component analysis [Kirshvink, 1980] or remagnetization great circles [Halls, 1978;  McFadden and McElhinny, 1988]. Site-mean directions were calculated using Fisher [1953] statistics or using the statistics of McFadden and McElhinny [1988] for combined directional data and great circles. All interpretations and data processing were carried out using the PaleoMac software [Cogné, 2003] developed at IPGP. In the following, results of demagnetization experiments are detailed in reverse chronological order, from the oldest to the youngest unit. 3.2.1. Khaton Sudal (KS) Locality (39. 4 Ma, 44.5°N/101.4°E) [15] The 68 samples from eight sites collected in Khaton Sudal volcanic edifice have natural remanent magnetization (NRM) intensity between 6.0 and 0.5 A/m with an average value around 2.2 ± 1.5 A/m (n = 68). Almost 45% of the studied specimens displayed only a single high-temperature component (HTC) which trends linearly toward the origin of the vector diagrams in a south and upward direction, and vanishes at 550°C. However, 40% of specimens displayed two magnetization components during progressive thermal and AF demagnetization. A low-temperature magnetization component (LTC) is removed by 200°to 300°C (Figure 2a ) and a HTC unblocks at 550°C or 100 mT. In the remaining 15% of the samples, the demagnetization paths display overlapping LTC and HTC unblocking temperature spectra ( Figure 2b ). Thus demagnetization paths from all specimens from site 92 and one from site 88 aligned along great circle trajectories. For this reason, the site-mean direction of site 88 was computed using the combined average of McFadden and McElhinny [1988] . On the other hand, we computed an average remagnetization great circle, using the bivariate statistics of Le Goff [1990] for site 92. 3.2.2. Taatsyn Gol 1 (TG1) Locality (31. 5 Ma, 45.4°N/101.3°E) [16] At this locality, we distinguish two groups of NRM intensity. The first group, comprising 159 specimens out of 178, displays NRM intensities ranging from 0.003 to 10 A/m, with a mean value of 3.8 ± 2.2 A/m (n = 159). In the second group, 19 specimens exhibit much higher values, varying from 12 to 34 A/m (up to 62 for one specimen), with a mean value of 21.4 ± 12.1 A/m (n = 19). We suspect samples with high NRM intensities to have acquired a lightning induced partial isothermal remanent magnetization (IRM). In effect, this IRM was easily removed below 300-330°C and 16 mT during thermal and AF demagnetization processes, respectively. In most specimens, demagnetization analyses yielded a single, south and upward, hightemperature magnetic component (HTC), isolated between 400°C and 590°C and in peak AF fields between 12 mT and 100 mT (Figure 3a) . However, in 6 of the 21 sites, the HTC follows a low-temperature component (LTC) which unblocks between room temperature and 300 -350°C (Figure 3b ). Because of overlapping unblocking spectra, magnetization components could not always be confidently separated. In such cases, we used the remagnetization great circles (Figure 3b) , and computed the site-mean directions using McFadden and McElhinny [1988] [17] Samples are strongly magnetized with NRM varying from 2.6 to 6.6 A/m with a mean intensity of 5.0 ± 1.6A/m (n = 56). The magnetization behavior upon either thermal (Figure 4a ) or AF (Figure 4b ) demagnetization is generally simple and exhibits a single component of magnetization, which converges toward the origin of orthogonal plots. This HTC is completely demagnetized by 570 -580°C and almost removed at 100 mT. The maximum unblocking temperature together with magnetic mineralogy experiments indicate magnetite as the magnetic carrier of HTC. 3.2.4. Ust Bokson (UB) Locality (19.9 Ma, 52.1°N/ 100.3°E)
[18] Natural remanent magnetization (NRM) intensity of these basaltic lava flows ranges from 0.5 A/m to 11 A/m with a mean value of 3.4 ± 2.1 A/m (n = 84). Thermal ( Figure 5a ) and AF (Figure 5b ) demagnetizations reveal a single component of magnetization which completely demagnetizes by 570 -580°C (Figure 5a ) and 60-80 mT (Figure 5b ). This magnetization shows a downward north normal direction in sites 60 to 69 from the western side of the Oka River, and an upward south reverse direction in sites 70 to 73, from the other bank. Only three specimens out of 84 behaved differently, displaying overlapped of unblocking temperature spectra of two components, thus leading to a great circle path of points during demagnetization.
3.2.5. Taatsyn Gol 3 (TG3) Locality (12.7 Ma, 45.5°N/101.0°E)
[19] Natural remanent magnetization (NRM) intensity of these eight basaltic lava flows ranges from 0.04 to 4.80 A/m with a mean value of 1.3 ± 1.0 A/m (n = 59). Generally for most of our samples (52 out of 59 samples), we used both principal component analysis and remagnetization great circle technique to separate the magnetic components. Many of the samples for which principal component analysis was applied possessed two magnetic components. The first, a low-temperature component (LTC) was generally defined between the 300°C and 440°C temperature steps of the thermal treatment or between 8 and 40 mT in AF demagnetization, after removing a recent field or weak viscous magnetization. The second, an upward south hightemperature component (HTC) that does decay toward the origin, was removed between 480°C and 590°C or between 40 and 100 mT (Figure 6a ). Concerning the remaining samples, we used the remagnetization great circle technique because demagnetization vector paths aligned on great circles due to an overlap of the LTC and HTC unblocking temperature spectra, (Figure 6b ). Therefore, in most cases (except site 11), the site-mean directions of HTC (Table 2) were computed using the mixed average of McFadden and McElhinny [1988] . Concerning site 08, magnetic components of all specimens were resolved using only the great circle technique. For this site, because the great circles intersect at a single point, the intersection point was used as the suspected HTC site-mean direction (Table 2) . Finally, some samples (particularly from site 10) have been rejected because of their very noisy demagnetization behavior.
Paleomagnetic Results and Paleopoles
[20] All the above paleomagnetic analyses and magnetic mineralogy experiments have shown that for most sites sampled, the recovered stable magnetization component is carried by magnetite. Because neither our field observations nor studies by others in the region show any evidence of tectonic tilting since the emplacement of these flows, fold or tilt test could not be performed on the paleomagnetic directions. However, the magnetization in all our samples is carried by a stable, high unblocking temperature and lowcoercivity magnetite, and in a number of localities (Khaton Sudal, Taatsyn Gol 1 and 3, a part of Ust Bokson), magnetization appears to be of reverse polarity. We interpret that the HTC identified by thermal and AF demagnetizations is the primary magnetization of the flows. The mean paleomagnetic directions are listed in situ in Table 2 and illustrated on equal-area projections in Figure 7 . For each formation, we have computed the means at the flow level as identified in the field, which results in a total of 52 flowmean directions from 59 sampled sites. More than 69% of the means listed in Table 2 have been computed using Fisher [1953] statistics. Because of a poor separation of magnetic components during demagnetization processes, 27% of the flow-mean directions were computed using the mixed average of directional data and great circles of McFadden and McElhinny [1988] . Finally, two sites (08 at TG3 and 92 at Khaton-Sudal) provided only mean remagnetization great circles.
[21] At Khaton-Sudal (Figure 7a ), as the great circles of site 92 are parallel to one another, we have computed an average great circle using the tensor bivariate statistics of Le Goff [1990] , the normal of which is reported in Table 2 . Thus we have computed the mean formation of KhatonSudal including this average great circle (Figure 7a ), using the statistics of McFadden and McElhinny [1988] . All the other HTC site-mean directions exhibit reverse polarities. This is consistent with the age of 39.4 ± 0.6 Ma we obtained by K-Ar dating, suggesting that this volcanic edifice was emplaced during the geomagnetic field reverse period C18n.1r [Cande and Kent, 1995; Gradstein et al., 2004] . The formation mean direction (white star with gray area of confidence, Figure 7a ) is distinct from the present-day dipole (gray star) and IGRF 2000 (gray diamond) magnetic fields (in reverse polarity). We thus conclude we have recovered the primary magnetization of this formation, reflecting the magnetic field vector at this location at 39.4 ± 0.6 Ma. The corresponding paleopole (Figure 8 and Table 3) , computed from this average HTC, lies at l = 72.0°N, f = 202.6°E (dp/dm = 6.3°/8.5°), which provides a middle Eocene paleolatitude of 38.6°± 6.3°N for the Khaton-Sudal area.
[22] The HTC flow mean directions of Taatsyn Gol 1 (TG1, 31.5 Ma) are all of reverse polarity ( Figure 7b and Table 2 ), consistent with the reverse magnetic field during chron C12 within the early Oligocene (Rupelian [Cande and Kent, 1995; Gradstein et al., 2004] ). One site (74, white triangle in Figure 7b ) has been excluded from the final mean computation because it is clearly an outlier. Examination of Figure 7b shows that TG1 HTC directions are well clustered. This high degree of clustering and the single polarity suggest that the period of flow emplacements at TG1 was fairly short. Consequently, the magnetic field paleosecular variation may not be fully averaged out by our sampling. The same observation holds for Taatsyn Gol 2 (TG2, 28.0 Ma), which also shows a high degree of clustering of flow site-mean directions, but in normal polarity ( Figure 7b and Table 2 ). It should be noticed that even though both TG2 and TG1 groups possibly represent short temporal sampling intervals of the magnetic field and show normal and reverse polarities, they are not exactly antiparallel and fail the reversal test of McFadden and Lowes [1981] . Nonetheless, in order to obtain a paleopole at $30 Ma close to the dipole field, we have chosen to combine flows from TG2 (28.0 Ma) and TG1 (31.5 Ma) localities (mean age 29. 8 Ma) . The obtained mean direction (black star with gray area of confidence, Figure 7b ) does not contain either the present-day dipole or IGRF magnetic field directions (gray star and diamond, Figure 7b ) and is our best estimate of (Figure 9 and Table 3 ) is located at l = 81.9°N, f = 275.6°E (dp/dm = 3.5°/4.8°), providing a paleolatitude of 37.4°± 3.5°N at $30 Ma for the Taatsyn Gol area.
[23] We encounter the same problem with Ust Bokson data ( Figure 7c and Table 2 ) which cluster into a group of normal polarity in six flows from the western bank of Oka River (19.9 Ma) and a group of reverse polarity from three flows of the eastern bank (19.8 Ma) . This is consistent with the high reversal frequency of chron C6 in the early Miocene [Cande and Kent, 1995; Gradstein et al., 2004] . Here again, the high cluster in each population and the failure of the reversal test [McFadden and Lowes, 1981] suggests that paleosecular variation might not have been fully averaged out. As for TG1-2 populations, our best estimate of the dipole field is to compute an average from the nine flows. The formation mean direction is shown in Figure 7c (black star with gray area of confidence). It is distinct from both present-day dipole and IGRF magnetic fields directions (gray star and diamond, Figure 7c ) and is assumed to be the magnetic field direction at 19.8 Ma. The corresponding paleopole (Figure 10 and Table 3 ) lies at l = 69.8°N, f = 186.5°E (dp/dm = 8.4°/10.2°), corresponding to a $20 Ma paleolatitude for the Ust Bokson area of 49.0°± 8.4°N.
[24] HTC directions from Taatsyn Gol 3 (TG3, 12.7 Ma) are all of reverse polarity ( Figure 7d and Table 2 ). Accounting for the high frequency of magnetic field reversals during chron C5 of middle Miocene, this could indicate a rather short time interval of flow emplacement (<$200 kyr). However, the population appears more scattered than in previous cases and the VGP scatter computed from the seven flows is in line with the scatter due to paleosecular variation, as modeled by McFadden et al. [1991] for this period. Thus the formation mean direction of TG3 (white star with gray area of confidence, Figure 7d ), which is again distinct from both the present-day dipole and IGRF fields at this location, is thought to provide the magnetic field direction for this locality at 12.7 Ma. This leads us to compute a paleopole ( Figure 11 and Table 3 ) at l = 71.6°N, f = 178.0°E (dp/dm = 14.6°/16.8°), with a $13 Ma paleolatitude of 46.6°± 14.6°N for the Taatsyn Gol area.
Analysis of Paleopoles
[25] The computed paleopoles from paleomagnetic results are given in Table 3 and illustrated in Figures 8 through 11 . They are compared to coeval poles from central Asia, in a large sense (i.e., delimited to the west by Afghanistan, to the east by China blocks, to the south by India, and to the north by Siberia). The selected paleopoles were taken from the Global Paleomagnetic Database of McElhinny and Lock [1996] (version 4.6, February 2005) , using the following criteria: paleopoles should be based on (1) more than two sites and/or 20 specimens, (2) thermal demagnetization of sediments, (3) an A 95 area of confidence, or a dp angle, lower than 16°, and (4) formations not suspected of later remagnetization. We have split this collection into four age groups centered on 40 Ma (from 35 to 45 Ma), [30] [31] [32] [33] [34] [35] , [20] [21] [22] and [13] [14] [15] . In Figures 8 to 11 and Table 3 , different symbols are used to represent data obtained on sedimentary formations (white symbols in Figures 8 to 11) , as opposed to effusive formations (black symbols). Finally, data originating from the India plate are also highlighted (bold symbols in Figures 8 to 11 ). In the following, we discuss the Inclination Anomaly problem in terms of paleopole positions relative to the reference APWP poles for each epoch [Besse and Courtillot, 2002] , rather than taking analytical approach of observed versus expected paleomagnetic inclination at each locality.
Paleopoles From Sedimentary Formations
[26] Overall, our first observation is that there are many more data coming from sedimentary formations, with a total of 66 paleopoles listed in Table 3, than from effusive  formations (16 paleopoles, Table 3 ). Furthermore, paleopoles from sedimentary formations (white plus symbols, Figures 8 to 11 ) are located systematically on the far side of the reference poles from the European APWP at 40, 30, 20, and 10 Ma, with respect to site localities (white stars). Second, due to the ongoing indentation of Eurasia by India during the Tertiary, many of the localities have undergone local rotations around vertical axes, leading to an overall small circle distribution of paleopoles for a given age. We have computed the average small circles passing through paleopoles from sedimentary formations (Table 3 and Figures 8 to 11 ) and centered on the average site locations. These small circles show that the offset between observed and predicted paleopoles, computed following Coe et al. [1985] , amount to 20.9°± 3.4°at $40 Ma (Figure 8 ), 21.0°± 3.7°at $30 Ma (Figure 9 ), 17.6°± 4.0°at $20 Ma (Figure 10) , and 15.2°± 1.6°at $13 Ma (Figure 11) .
[27] This observation, in itself, describes the Inclination Anomaly of Asia, since the far-sided offset of poles results from inclinations, which are shallower than those expected from the reference APWP at each locality. In the hypotheses of (1) a rigid Eurasian continent, allowing the use of the European APWP [Besse and Courtillot, 2002] as a reference for Siberia craton, (2) a dipolar magnetic field, and (3) a conformity between paleomagnetic and geomagnetic vectors at the time of sediments deposition and/or magnetization acquisition by sediments, the far-sided offsets would imply latitudinal displacement of 2300 ± 400 km of northward convergence of the Asian blocks (as a whole) with respect to Siberia since 40 and 30 Ma (at velocities of 57.5 and 76.7 mm/yr, respectively), 1950 ± 440 km since 20 Ma (average velocity 97.5 mm/yr), and even worse, 1690 ± 180 km since 13 Ma (at an average velocity of 130.0 mm/ yr). These values are indeed unrealistic given the total amount of intracontinental shortening required and the plate velocities implied. As discussed, in particular by Cogné et al. [1999] , several other causes, apart from the probable intracontinental shortening due to India's penetration into Eurasia, must be invoked, amongst which an inclination shallowing due to sedimentary processes which could lead to this anomaly [e.g., Gilder et al., 2001; Tan et al., 2003 ]. We now turn our discussion to the analysis of the distribution of paleopoles obtained on effusive formations, including our four new poles, for which inclination shallowing due to sedimentary processes is avoided.
Paleopoles From Effusive Formations
[28] The 39.4 Ma paleopole of Khaton-Sudal (Figure 8 ) lies at an angular distance of 12.6°± 7.1°from the 40 Ma reference pole from Europe APWP [Besse and Courtillot, 2002] . This angle can be decomposed into (1) a component of clockwise (CW) rotation of the locality around a vertical axis of Rot = 11.4°± 9.5°, and (2) a far-sided offset of Dl = 9.6°± 5.7°which results from a shallowing of DInc = 8.0°±
4.7°of observed paleomagnetic inclination with respect to the expected one. The far-sided position of our KhatonSudal (KS) pole appears consistent with three other late Eocene poles from Tajikistan, Kyrgyzstan and Afghanistan (Table 3) . Here again, because of relative vertical axis rotations between localities, the four poles align on a small circle (Figure 8 ). The small circle passing through these poles and centered on the average sites location, shows a bulk far-sided offset of 13.9°± 3.5°with respect to the 40 Ma reference pole (Figure 8 ). Inclination shallowing due to sedimentary processes cannot be invoked for these effusive rocks. Furthermore, it is difficult to interpret the accommodation of this offset of poles by a $1100-1500 km of intracontinental shortening between Amuria block and Siberia after 40 Ma, because (1) our KS locality is located in the north of the Asian mosaic, very close to south Siberia, and (2) there are no high mountain ranges in the Trans Baikal area. Therefore we conclude that the European APWP might not be valid for the Siberia craton. Considering a dipolar magnetic field, hypothesis discussed below, this would suggest that Siberia was located 1100-1500 km more to the south than its predicted position in the Eocene, as proposed by Cogné et al. [1999] . Finally, we note that if we take the paleopoles of effusive formations as a reference, the bulk 20.9°± 3.4°far-sided offset of paleopoles from sedimentary formations reduces to a much more reasonable Figure 11 . Equal-area projection of the Earth's northern hemisphere limited to the 20°N latitude showing the 12.7 Ma Taatsyn Gol 3 paleopole (black square with shaded dp/dm ellipse of confidence) and selected paleopoles within the 7 -15 Ma time interval. Large black star with shaded A 95 circle of confidence indicates average 13 Ma (13.9 ± 0.9 Ma; Table 3 ) pole from effusive formations showing insignificant far-sided offset of 0.5°± 8.2°with respect to the 10 Ma pole (white dot with A 95 circle of confidence) of Europe APWP. Circled black star indicates Taatsyn Gol locality. Otherwise, small circles, white and black symbols are as in Figure 8 .
value of Dl = 7.0°± 3.9°(radial difference between the two small circles in Figure 8 ). This $800 km offset of sediment poles with respect to effusive poles probably results from the superimposition of two effects: inclination shallowing due to sedimentary processes and intracontinental shortening between Siberia and India since 40 Ma.
[29] The same analysis holds for 30 Ma poles (Figure 9 ). The 29.8 Ma pole, obtained from basalts at the Taatsyn Gol 1 and 2 (TG1-2) localities, lies at an angular distance of 13.1°± 5.2°from the 30 Ma European APWP pole, indicative of a slight counterclockwise (CCW) rotation of Rot = À8.2°± 7.3°and a significant far-sided offset of Dl = 11.7°± 4.1°(corresponding to DInc = 9.7°± 3.3°). There are only two other published results from effusive rocks for this period. We compare (Table 3 and Figure 9 ) our pole with a pole obtained from basalts at Khan Uul in Mongolia [Gorshkov et al., 1991] and a pole obtained from intrusive rocks at Ladakh [Klootwijk et al., 1979] . Although the Mongolian pole is based on only 22 specimens and the Ladakh pole is obtained on intrusives for which the paleohorizontal may be poorly constrained, especially in this tectonized area, they both fit a small circle distribution with our TG1-2 pole. The far-sided offset amounts to 11.5°± 3.3°w ith respect to the 30 Ma reference pole. As above, we therefore conclude that Siberia might have been located $1300 km farther south than its expected paleoposition based on the European APWP at 30 Ma. Here again, we note that if the effusive poles are taken as a reference, the inclination anomaly in sediments, reflected by a 21.0°± 3.7°far-sided offset of poles with respect to Europe APWP, is divided by 2, leading to a remaining offset of Dl = 9.5°± 3.9°.
[30] Paleomagnetic analysis at 20 Ma ( Figure 10 ) is less straightforward. Our Ust Bokson (UB) pole at 19.9 Ma still does not conform to the reference pole at 20 Ma from the European APWP. The angular distance between the paleopoles and reference poles is 15.4°± 8.8°, suggesting a CW rotation of UB pole about a local vertical axis of Rot = 23.1°±
13.7°and a far-sided offset of Dl = 6.3°± 7.1°( corresponding to DInc = 4.4°± 5.3°). The large CW rotation of the Ust Bokson locality is somewhat difficult to assess. It could be linked to its proximity to the MongolOkhotsk suture zone believed to be a large transpressionnal sinistral megashear during the Tertiary, as discussed by Halim et al. [1998a] and Cogné et al. [2005] . Albeit farsided, the offset of UB pole could be regarded as insignificant considering the confidence limits. However, we make the following analysis. Five other poles from effusive formations at $20 Ma can be found in the literature (Table 3) : three of them come from the North China Block (NCB [Zhao and Coe, 1987; Zhao et al., 1994] ), and two are from South Korea (SK [Kikawa et al., 1994; Lee et al., 1999] ). It appears that the NCB poles have not undergone significant rotations with respect to European APWP pole since 20 Ma (Figure 10 ), which is in contradictions with our UB pole, as well as SK poles, both having suffered significant CW rotations. For this reason, and because the NCB has not undergone any significant northward motion with respect to Siberia since the Mongol-Okhotsk Ocean closure, end of the Jurassic [Enkin et al., 1992; Kravchinsky et al., 2002; Cogné et al., 2005] , we attempt to compute an average $20 Ma pole for Asia, using the mixed statistics between fixed poles of NCB and small circles passing through SK and UB (black star with light gray A 95 circle of confidence, Figure 10 ). This pole lies at (Table 3 ) l = 86.6°, f = 268.7°( n = 6, k = 547.1, A95 = 3.1°, mean age = 18.5 ± 2.0 Ma). Attributed to the average site location of these six localities (l = 40.0°, f = 119.7°), the pole shows a 8.0°± 2.7°d iscrepancy with respect to the 20 Ma reference pole of Europe APWP, resulting from an insignificant average local CCW rotation of Rot = À2.7°± 3.8°and a far-sided offset of Dl = 7.7°± 2.2°(average shallow inclination anomaly, DInc = 6.8°± 1.7°). Altogether, we observe that the $850 km far-sided offset of the $20 Ma paleopoles from effusive formations of Asia has diminished with respect to the offset at $40 Ma (1100 to 1500 km) and at $30 Ma ($1300 km). More importantly, we underline that effusive poles at 20 Ma are still inconsistent with the reference pole of Europe APWP. They would imply a paleoposition of Siberia $850 km farther south than expected. Accordingly, the offset of poles from sedimentary formations has passed from 20.9°a nd 21.0°at 40 and 30 Ma, respectively (Figures 8 and 9) , to 17.6°at 20 Ma ( Figure 10 ). Thus the difference in offset between sedimentary and effusive formations poles remains quite constant at Dl = 9.9°± 3.6°at 20 Ma, reducing the anomaly.
[31] Our 12.7 Ma paleopole from the Taatsyn Gol 3 (TG3) location has quite a large dp/dm ellipse of confidence ( Figure 11 and Table 3 ) which contains the reference pole of Europe APWP at 10 Ma. In effect, the angular distance between these two poles (14.0°± 13.8°) as well as rotation (Rot = 20.6°± 20.2°) and offset (Dl = 0.9°± 11.1°, corresponding to DInc = 0.7°± 8.6°) are consistent with the reference pole at 10 Ma for Europe, with perhaps a CW rotation of Taatsyn Gol area with respect to Siberia. This means that since that age, the anomaly is not apparent and the Europe APWP conveniently describes the paleoposition of the Siberia craton. Two other poles from effusive formations from Mongolia and NCB (Table 3 ) are in line with this observation. The mean $13 Ma pole (13.9 ± 0.9 Ma, Table 3 ; black star with light gray A 95 area in Figure 11 ) lies at l = 77.6°, f = 175.1°(N = 3, k = 153.0, A 95 = 10.0°). It also shows insignificant differences with the 10 Ma reference pole with an angular distance of 8.0°± 10.2°, Rot = 11.7°± 15.1°(CW) and Dl = À0.5°± 8.2°( far-sided), corresponding to an inclination shallowing of DInc = 0.4°± 6.3°. We can therefore assume that at that time, the Inclination Anomaly of central Asia has disappeared. However, poles from sedimentary formations still show a significant offset, which amounts to 14.9°± 6.7°, and should probably be attributed, for in large part, to sedimentary processes.
Paleolatitudes
[32] All the above analysis of paleopole distributions can be expressed in another way. For each pole listed in Table 3 , we have computed the observed paleolatitude (Plat obs ) deduced from paleomagnetic data, and the expected paleolatitude (Plat exp ) deduced from Europe APWP [Besse and Courtillot, 2002] for each time period and for the presentday latitude of localities. The differences in paleolatitudes, computed as DPlat = Plat obs À Plat exp are given in Table 3 and illustrated in Figure 12 . A negative DPlat indicates an observed paleolatitude, which is farther south than expected. We make the following observations. (1) All the points, except one, show negative DPlat within the uncertainty field (Figure 12a ). (2) DPlat values for effusive formations are systematically negative (except for the most recent $13 Ma period). Although sampling of effusive formations may lead to an insufficient averaging of paleosecular variation, the systematic offset of points shown in Figure 12 provides a strong argument against that possibility at this level of analysis. (3) Although there is some overlap between the two populations, DPlat values of effusive formations are systematically lower than those deduced from sedimentary formations (Figure 12a ). This is confirmed by computing average values for each time period (Figure 12b) . (4) The DPlat values of effusive formations diminish with time (Table 3 and Figure 12b ). (5) The DPlat difference between sedimentary and effusive formations is quite constant during the 40 -20 Ma period and amounts to 6.8°± 6.5°at $40 Ma, 7.7°± 4.0°at $30 Ma, and 8.2°± 6.3°at $20 Ma. Only the data at $13 Ma show a higher difference of 15.2°± 5.5°.
Discussion
[33] From the middle Eocene to the early Miocene, paleopoles obtained from effusive formations, including our new poles at 39.4, 29.8, and 19.9 Ma, are systematically far sided from the European APWP [Besse and Courtillot, 2002] with respect to site locations. This implies that paleomagnetic inclinations within these effusive rocks are shallower than expected from the reference APWP. Since (1) no inclination shallowing mechanism due to sedimentary processes can be evoked in these effusive formations and (2) formations are well dated and no age error can be suspected, the causes for such low inclinations are either an anomaly of the magnetic field or an undetected tectonic setting which would allow Siberia (and all the other central Asia blocks) to be located farther south than expected from the reference APWP of Europe for that time period. For the Tertiary of Eurasia, the most commonly invoked anomaly is a long-lasting nondipole field due either to a rapid global shift of the dipole [Westphal, 1993] , to local field anomalies [Chauvin et al., 1996] , or to the persistence, during the Cenozoic, of quadrupole and octupole terms in the magnetic field [Si and Van der Voo, 2001; Van der Voo and Torsvik, 2001; Torsvik and Van der Voo, 2002] . However, recent analyses of the global paleomagnetic database [Besse and Courtillot, 2002; Courtillot and Besse, 2004] lead to estimates of only 3% ± 2% of quadrupole contribution to the global magnetic field during the last 200 m.y., leading to an average 1.4°± 1.2°far-sided offset of paleomagnetic poles with respect to geographic north.
[34] Conversely, Cogné et al. [1999] proposed an alternative hypothesis based on tectonics, where in the hypothesis of a dipolar magnetic field, ''stable'' Siberia could have been located farther south than its expected paleolatitude, in the Tertiary. On the basis of our new poles from the northern parts of the Asian system, thus avoiding problems linked to Cenozoic tectonics related to India indentation, and also on coeval poles from Asia, we here follow this line and propose the following. At $40 Ma, Siberia (and all the other Asian blocks) is located 1450 ± 250 km south of its expected paleolatitude from the European APWP of Besse and Courtillot [2002] . At $30 Ma, this difference is still 1250 ± 100 km, then it decreases to 850 ± 200 km at $20 Ma and vanishes (with 20 ± 200 km) at $13 Ma.
[35] This scenario has several consequences. First, because there is an overall consistency of Cretaceous poles from Asia with the European APWP, taking into account Asia tectonics [Molnar and Tapponnier, 1975; Tapponnier and Molnar, 1979; Tapponnier et al., 1986; Zhao and Coe, 1987; Zhao et al., 1990; Enkin et al., 1992; Avouac and Tapponnier, 1993; Chen et al., 1993a; Ma et al., 1993; Yang and Besse, 1993; Chen et al., 1993b; Gilder et al., 1996 ; Gilder and Courtillot, Ma. 1997; Halim et al., 1998a Halim et al., , 1998b Yang and Besse, 2001; Chen et al., 2002; Kravchinsky et al., 2002; Gilder et al., 2003] , the Cenozoic discrepancy, described above, implies a nonrigidity of the Eurasian plate since the Cretaceous. This nonrigidity of Eurasia was supposed to be absorbed into discrete zones such as the Tornquist-Tesseyre line, and the Ural mountain ranges. Although it is not the subject of the present study, we note that Puchkov [1997] reported that Uralian-Cimmerian mountain belt was eroded and partially inundated by seas during the Late JurassicEarly Cretaceous and has been reactivated since the Oligocene. This is consistent with the idea of a tectonic activity within central Eurasia, decoupling western Europe from eastern Eurasia, during the Cenozoic.
[36] We now turn to the inclination anomaly in sediments from Asia. Because our analysis of effusive poles suggest that Siberia was located 850 -1450 km farther south than its expected paleolatitude in the 20-40 Ma period, the paleolatitude anomaly from sedimentary formations (Table 3) is strongly reduced. In effect, taking effusive poles as a reference, this anomaly would be reduced to 750 ± 720 km, 850 ± 450 km, and 900 ± 700 km in paleolatitudes at $40, 30, and 20 Ma, respectively. This (much reasonable) anomaly could result from the superimposition of (1) a paleomagnetic inclination shallowing mechanism due to sedimentation processes such as compaction [e.g., or imbrication [e.g., Gilder et al., 2001 ] to (2) a most probable northward movement of Asian blocks due to the ongoing penetration of India into Eurasia since 50 Ma. From the present analysis, we are not able to go further in deciphering between these two causes. Finally, the $13 Ma poles from sedimentary formations are not in line with this analysis. If one considers that our effusive TG3 pole, together with coeval poles, are consistent with the reference APWP, then the bulk 1700 ± 600 km paleolatitude anomaly of 7 -15 Ma sedimentary localities appears truly anomalous and is hardly explained by a combination of inclination shallowing and northward movement. Further investigations are definitely needed to solve this problem.
[37] Finally, although our new poles from Mongolia and south Siberia, together with the analysis of previously published paleomagnetic poles from Asia provide herein, allow to elucidate some aspects of the Tertiary inclination anomaly problem in central Asia since 40 Ma, there is still a need to combine this analysis of Tertiary data with Cretaceous ones. Furthermore, a temporal gap remains in this analysis between $100 and 40 Ma, which should be investigated in order to have a complete characterization of the Inclination Anomaly in Asia.
